In order to describe a steady-state plasma equilibrium in tokam aks, stellarators or other nonaxisymmetric configurations, the model of ideal MHD with isotropic plasma pressure is widely used:
Introduction
In ideal MHD theory the sim plest m odel o f a plasma equilibrium is the one-fluid m odel with a scalar pressure p. The pressure gradient is balanced by the electromagnetic force j x B: 0 = -V p + j x B \ S7xB = j .
( 1)
In configurations with one negligible coordinate (axisymmetry or helical symmetry) this nonlinear problem leads to a Grad-Shafranov type o f equa tion, which is nonlinear and elliptic. In general toroidal equilibrium there is no such symmetry and so far no existence theorem for solutions o f (1) has been established. N onetheless codes have been developed which calculate approximate solutions o f (1). The basic problem in 3 dim ensions is the exis tence o f toroidally closed and nested surfaces, which is required in order to find nested pressure surfaces. 
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In every iteration step pn is obtained from Equa tion (2).
There is no proof that magnetic surfaces always exist during this process. Furthermore, on rational m agnetic surfaces -the rotational transform is a rational number -the well-known condition $ dl/B = const has to be satisfied if Vp =# 0 on this surface. Otherwise the current density j on rational surfaces diverges. As discussed by Grad [2], this constraint leads to a pathological pressure distribution with p'(y/) = 0 on all rational magnetic surfaces. The 0340-4811 / 8 6 / 0900-1101 $ 01.30/0. -Please order a reprint rather than making your own copy.
derivative o f p with respect to the flux coordinate y/ is a discontinuous function. In a collisional plasma, however, the pressure distribution is the result o f a diffusion process. D iffusion processes are usually described by second-order differential equations with continuous and continuously differentiable solutions. The diffusion process elim inates the dis continuities o f the ideal m odel and results in p(x ) with continuous first-order and second-order deriv atives.
In order to describe a steady-state plasma these collisional processes should be included. In the ideal M HD model inertial terms and viscosity terms are neglected. Both terms lead to a small variation o f the plasma pressure in the magnetic surfaces. An other dissipative process is momentum exchange via charge exchange between the plasma and a neutral background. For sim plicity we assume the neutral background to be at rest, then the momentum loss term o f the plasma is proportional to the m acro scopic flow velocity r. In a steady-state plasma this friction term is always present since the plasma losses have to be balanced by some kind o f refuel ling mechanism which introduces neutral gas into the plasma. Ionisation o f this neutral gas is the source term S o f the plasma density. 
V</> = r x / ? -r jj, ( 7 ) , no constraints on the magnetic field have to be im posed except that the field has continuous derivatives o f the first order. This is satisfied for any m agnetic field produced by continuous currents. N either is the magnetic field required to have magnetic surfaces nor does the d is tin c tio n betw een ra tio n a l a n d irra tio n a l m a g n e tic surfaces p lay any role. C e rta in ly th e so lu tio n o f th e system w ill d e p e n d critic a lly on th e isla n d s fo rm a tio n o r erg o d icity o f th e field B. T h e b a sic p ro b le m is to show u n d er w h a t c o n d itio n s so lu tio n s o f (5 ), (6 ) , (7) exist. T his p ro b le m h a s to b e so lv ed in every step o f th e low-/? e x p an sio n . T h e fo llo w in g se ctio n is d e v o ted to an existence th e o re m fo r so lu tio n s to ( 5 ), (6 ), (7) w ith B given.
Basic System
Since (5) and (6 ) a re a lg e b ra ic in j a n d v, th e sys tem can easily be in v e rte d w ith resp e c t to v a n d j.
w ith 
is th e convective v elo city a risin g fro m th e elec tric field. Inserting (9) in to (7) y ield s tw o e q u a tio n s fo r p a n d F o r fu r th e r stu d y it is c o n v en ie n t to in tro d u c e d im e n sio n le ss v a ria b le s. A s a len g th scale w e in tro d u c e th e a v e ra g e m in o r ra d iu s a o f th e to ro id a l d o m a in G. B0 is a re fe re n c e m a g n e tic field a n d 0 =: a<P/B0 is th e d im e n sio n le ss ele c tric p o te n tia l. T h e fo llo w in g s u b s titu tio n s a re m ad e : F ro m th e e x p lic it fo rm o f th e S p itze r re sistiv ity r] a n d th e fric tio n c o e ffic ie n t a w e d riv e fo r e g p e g p = w h e re ve; is th e e le c tro n -io n co llisio n fre q u e n c y a n d Q th e g y ro fre q u e n cy . T h e fa c to r p arises fro m th e d e n sity d e p e n d e n c e o f th e co llisio n fre q u e n c y ve j a n d g (x ) d e sc rib e s th e sp a tia l v a ria tio n o f th e n e u tra l b a c k g ro u n d a n d th e m a g n e tic field, e in d i c a te s th e m a g n itu d e o f th e c h a rg e ex ch a n g e p ro cess, in a stro n g m a g n e tic field it is a very sm all n u m b e r. 
D> =
The correlation between Aik and Dik is Dik = \/sg Ajk. Furthermore we define a vector b by The magnetic field may be continuous with continu ous first derivatives. Under these assumptions the system (12) has a unique solution < T > e C2 a and p e C2 a if by a suitable choice of e the conditions (29) and (31) are met and the source term S', is small enough so that p 2,a < KG is satisfied.
In more physical terms condition (29) requires the convective velocity to be small. A small convec tive velocity results from large friction forces. In the lim it £ -+ 00 or g p e > B 2 the system (12) is sim pli fied to 
Low-beta Expansion
In system (12) the magnetic field is a given quan tity. As can be seen from (15) 
The mathematical structure o f these equations is o f the same type as the full system (12). Therefore the same conclusions with respect to existence and uniqueness o f solutions can be drawn.
Relation to Thermal Convection
The system (50) has a close similarity to the 2-dimensional Benard problem o f a fluid heated from below. Let U(x,y) be a gravitational potential and V v a viscosity term. The equations o f thermal con vection are In practical cases o f a fusion plasma the friction term iv is a small effect. We have to expect either several solutions o f the system (12) or non-stationary convection as is well-known from the Benard problem. But here other effects such as inertial forces and viscous forces neglected so far may play an important role, which is beyond the scope o f this paper. The present model m ight be useful for ana lyzing the decoupling o f the plasma and magnetic field and the convective processes arising around rational magnetic surfaces. The effect o f field line ergodisation can be studied in this model. In a further study viscous effects will be included and the stability analysis o f the convective state will be undertaken.
